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naSromis zogadi daxasiaTeba 

 
Temis aqtualoba:  

didmaliani Senobebis, aeroportebis, angarebis, sxvadasxva 

daniSnulebis darbazebis, pavilionebis, sawarmoo da samoqalaqo 

obieqtebis mSenebloba _ upirveles yovlisa daiwyo iq, sadac es 

teqnikuri progresiT, teqnologiuri procesebis axali 

moTxovnilebebiT iyo ganpirobebuli. rkinabetonis da sxva 

kompoziciuri axali masalebis aRmoCenam, samSeneblo mecnierebis 

ganviTarebam, gansakuTrebiT garsTa Teoriis angariSis 

srulyofam migviyvana Tanamedrove Txelkedlian sivrciTi 

konstruqciis Seqmnamde, SesaZlebeli gaxada Senobis didi malis 

gadaxurva Suasayrdenebis gareSe, masalis SedarebiT naklebi 

danaxarjebiT. 

samamulo praqtikaSi, sazRvargareTisagan gansxvavebiT, 

mTavari yuradReba eTmoba asawyobi rkinabetonis garsebis 

mSeneblobas. aseTia sportis sasaxle TbilisSi, Senoba 

wyaltuboSi, pavilioni erevanSi da sxva.   

gansakuTrebuli yuradReba unda daeTmos ZviradRirebuli 

kompoziciuri masalebis gamoyenebas an originaluri, 

progresuli teqnologiebis gamoyenebas, romelic saSualebas 

iZleva masalebis, gansakuTrebiT Sromis danaxarjebis da 

eleqtroenergiis   resursebis ekonomias.  

amasTan dakavSirebiT didmaliani gadaxurvis agebis 

teqnologia, konstruqciis gaangariSebis problema sakmaod 

arsebobs sxvadasxva malis rkinabetonis da kompoziciuri 

masalebisagan agebuli garsebis gaangariSebis programebi. 

miuxedavad amisa, disertaciaSi didi yuradReba daeTmo 

gaangariSebis gaumjobesebul damuSavebas meTodis da ZiriTadi 

aqcentis gadatanas gumbaTovani Senobis agebis axali teqnologias, 

rac gvaZlevs mniSvnelovani efeqtis miRwevis saSualebas.  

disertaciis mizans warmoadgens didmaliani gadaxurvebis 

axal teqnologias, romelic iTvaliswinebs agebis originalur 
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montaJs, uzrunvelyofs saimedoobas da mSeneblobis drois 

Semcirebas, gaiafebas, Sromis danaxarjebis da energo resursebis 

dazogvas. praqtikuli gamoyenebisaTvis saWiro efeqturi 

gaangariSebis meTods. Rerovani sferuli gumbaTis gaangariSebis 

dazustebas da Rerovani gumbaTis gaangariSebis programis 

algoriTmis mixedviT gumbaTis konstruqciis eqsperimentul 

gamokvlevebs.  

mecnieruli siaxle mdgomareobs progresuli teqnologiis 

SemuSavebaSi, ramac unda mogvces Sromis danaxarjebis, masalis 

da energoresursebis ekonomia. agreTve garsebis Teoriuli 

meTodis SemuSavebis Sefaseba, konstruqciisaTvis elementebis, 

optimaluri zomebis uzrunvelyofa xisti kvanZebis 

gaTvaliswinebiT. SemoTavazebulia axali meTodi, romlis 

mixedviTac gumbaTi ganixileba rogorc erTiani garsi wyvetilad 

cvalebadi simrudiT, rac sagrZnoblad amoklebs gamoTvlis 

algoriTms. 

miRebulia umomento gaTvlebis cdomileba da misi 

gamoyenebis zRvari araTanabar ganawilebul ZabvebTan mimarTebaSi. 

miRebulia Rerovani sferuli gumbaTis gaangariSebis 

meTodi. SemoTavazebulia didmaliani gadaxurvis konstruqciis 

agebis axali teqnologia. 

naSromis Rirebuleba mdgomareobs Teoriul da eqsperimentul 

gamokvlevebSi, romelic warmoadgens safuZvels praqtikuli 

rekomendaciebisaTvis garsuli didmaliani konstruqciebis mzidi 

elementebis asagebad. 

disertaciaSi warmodgenili kvlevis Sedegebma gamoyeneba 

hpoves: 

 mtkicdeba sxvadasxva avtorebis mier miRebuli Teoriuli da 

eqsperimentaluri Sedegebis damakmayofilebeli TanadamTxveva. 

disertaciis ZiriTadi Sedegebi moxsenebuli iqna: 

 saqarTvelos teqnikuri universitetis samSeneblo konstruqciebis 

kaTedris samecniero seminarze (Tbilisi, 2006 w.); 
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 saqarTvelos teqnikuri universitetis samSeneblo 

konstruqciebis, Teoriuli meqanikis, samSeneblo meqanikisa da 

seismomedegobis kaTedrebis gafarToebul samecniero seminarze 

(Tbilisi, 2006 w.). 

publikaciebi: disertaciis Temaze gamoqveynebulia 1 

monografia, 2 patenti da 6 samecniero  naSromi. 

naSromis moculoba: disertacia Sedgeba Sesavlis, 3 Tavis, 

daskvnebis, literaturis da danarTisagan. igi Sedgeba ,,,, 

gverdisagan, maT Soris 24 naxazis da 4 cxrilisagan. literatura 

moicavs ..... dasaxelebas. 

 
naSromis Sinaarsi 

 
SesavalSi mocemulia naSromis saerTo daxasiaTeba, 

dasabuTebulia problemis aqtualoba, samuSaos mizani, mecnieruli 

siaxle, kvlevis meTodebi, praqtikuli Rirebuleba da Sedegebis 

realizacia, mecnieruli daskvnebis da rekomendaciebis 

sarwmunoeba, samuSaos aprobacia, naSromis struqtura da 

moculoba. 

pirvel TavSi gadmocemulia mimoxilva gumbaTebis da maTi 

kvlevebis, Txelkedliani sivrciTi sistemebis gaangariSebis 

meTodebis ganviTarebis ZiriTad mimarTulebebze. Catarebuli 

analizi adasturebs Temis aqtualobas da saSualebas gvaZlevs 

CamovayaliboT kvlevis mizani. 

mosaxleobis mniSvnelovani koncentracia, rac didi 

qalaqebis Tanamdevi procesia permanenetulad warmoqmnis rig 

problemebs, romelTa gadawyveta aseve mudmiv Zalisxmevas moiTxovs. 

sakiTxs gansakuTrebiT arTulebs moqalaqeebis TavSeyris 

obieqtebi, sadac isedac mWidrod dasaxlebul raionebSi maTi 

raodenoba mkveTrad izrdeba, rTuldeba transportis moZraoba, 

irRveva ekologia, mZvinvarebs antisanitaria da sxva.  

msoflios mravalwliani gamocdileba adasturebs, rom 

msxvili mravalprofiliani obieqtebi gaaqvT qalaqgareT, 

magistralebis gadakveTebis siaxloves da Sendeba  kompleqsurad, 
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infraqstruqturis sruli speqtris gaTvaliswinebiT. ZiriTadad 

exeba did savaWro bazrobebs. 

avtoris mier SemoTavazebuli aRniSnuli obieqtis agebis 

siaxle iTvaliswinebs orive problemis daZlevis unikalur Sans. 

TavisTavad Zalze sapasuxismgeblo sainJinro nagebobebs 

warmoadgens didmaliani gumbaTovani rkinabetonis garsebi, 

romlebic gamoiyeneba bazrebis, sportuli nagebobebis, gamofenebis 

da sxvaTa mSeneblobisas, romlebic garda funqcionaluri 

daniSnulebisa, saintereso arqiteqturul da RirSesaniSnav 

SenobaTa klass ganekuTvneba.  

dReisaTvis cnobilia didmaliani gadaxurvebis mSeneblobis 

ramdenime teqnologia, romelTagan yvelaze gavrcelebulia 

monoliTuri, anakrebi, an Sereuli rkinabetonis konstruqciebiT 

agebuli gumbaTovani nagebobebi, romelTa teqnikur-ekonomikuri 

maCveneblebi TiTqmis erTnairia da iTvleba ZviradRirebul 

obieqtebad.  

didmaliani koWovani gadaxurvis gumbaTebi SeiZleba 

ganvixiloT rogorc sivrculi konstruqciebi, sadac TviToeuli 

wyvili sapirispiro koWi muSaobs erToblivad, rogorc TaRebi.  

koWebi SeiZleba ganlagebuli iyos gumbaTis, rogorc Siga 

ise gare zedapirze erT-erTi pirveli ienis planetariumis 

garsuli gadaxurva, warmoadgens gumbaTovan Caketil kompozicias 

(nax. 1 a,b) romelsac irgvliv wriulad  sartylis doneze 

miSeneba aqvs gakeTebuli. 

garsuli gadaxurvis samSeneblo operaciebi mravalricxovania, 

rTulia, moiTxovs did sizustes da mSeneblobis 

gaxangrZlivebul process. 

magaliTad, sportis sasaxle opportoSi (nax. 2) 

warmoadgenen universalur nagebobebs, romlebic gadaxurulia 

koWovani garsebiT da gamoiyenebian sportuli SejibrebebisaTvis, 

SekrebebisaTvis da masobrivi sanaxaobebisaTvis. 

opportoSi garsuli gadaxurvis diametri 92 metria da 

awevis isari 15 metri. 
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gumbaTi da mzidi kolonebi agebulia monoliTuri rkina-

betonisagan xis qargilebis gamoyenebiT. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 1. ienis planetariumis gadaxurva  

 

 

nax. 2. sportis sasaxle opportoSi 

 

masiuri kompozicia nagebobisa urbanoSi (aSS)  ilinoisis 

universitetis auditoriisa Sesrulebulia TaRis magvari 

CaRrmavebis msgavsad, romelic gadaxurulia garsiT (nax. 3).  

 uzarmazari rkinabetonis garsi 132 m. diametriT, 40,9 simaRliT 

Sedgeba 48 erTnairi sididis seqtorisagan.  

 
a) 

 b) 
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 TefSis magvari CaRrmaveba, romelSic ganlagebulia skamebi, 

Tavdeba Zlieri rkinabetonis wriuli sartyliT. 

 

nax. 3. ilinoisis universitetis auditoriis (aSS)  
 

garsi dabetonebulia gadasaadgilebeli qargiliT. miuxedavad 

amisa, saqarxno da samSeneblo moedanze Catarebuli samontaJo 

samuSaoebis Rirebuleba maRalia. 

Tbilisis sportis sasaxle gegmaSi kvadratuli nagebobaa 

(nax. 4). igi gadaxurulia asawyobi rkinabetonis garsiT, 

diametriT 77 m. isris aweviT 13m. garsis SuagulSi datovebulia 

wriuli Riobi diametriT-13,5m.  

garsi daproeqtebulia 10 tipiuri trapeciis formis  

safexuriani elementisagan. 

monoliTuri sartyeli gegmaSi warmoadgens swor rvakuT-

xeds, romelic oTxi gverdiT eyrdnoba kvadratuli formis 

sartyels, xolo danarCeni oTxi gverdiT ki gverdiT kedlebs.  

garsis montaJis dros deformaciis minimumamde dasayvanad, 

avtorebma SeimuSaves cikluri meTodi: montaJi warmoebda 2 
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amweTi “lksm5-5a”, romelic ganlagebuli iyo garsis qveda 

sivrceSi, romelic moZraobda paraleluri qordebis gaswvriv. 

 

nax. 4. Tbilisis sportis sasaxle 

 

aRniSnuli agebis teqnologia SedarebiT gaadvilebulia, 

magram masac gaaCnia mniSvnelovani naklovanebebi. 

kerZod, trapeciuli formis safexuriani elementi 

damzadebuli unda iyos maRali sizustiT. TiToeuli elementi 

iwonis 8-10 tonas. aseTi didi zomis formis damzadeba da Semdeg 

misi transportireba jdeba Zalian Zviri, xolo mSeneblobis 

damTavrebis Semdeg es formebi warmoadgens jarTs. 

aRniSnuli gumbaTis agebis teqnologia gaadvilebulia, 

magram miuxedavad montaJis sizustis mkacri moTxovnebis dacvisa 

teqnikur-ekonomiuri maCveneblebis efeqturoba didad ar 

gansxvavdeba sxva tipis teqnologiebisagan. 

aRniSnuli konstruqciebis agebis teqnologiebis 

modifikaciis sxva da sxva magaliTebi cxadyobs mSeneblobis 

ZviradRirebulebas. rac gamowveulia masalebis, energoresursebis 

da Sromis danaxarjebis siZviriT. 

mSeneblobis gaiafebis mcdeloba dResac aqtualuria. 

mniSvnelovans am sakiTxis gadasawyvetad warmoadgens rkinabetonis 

gumbaTis agebis inovaciuri teqnologia, romelsac pirobiTad 

`qarTuli varianti” ewodeba. igi mniSvneloblad gansxvavdeba 

zemoT aRniSnuli samive tipis gadaxurvebis teqnikur-ekonomikuri 

maCveneblebisagan, romlis Sesaxebac qvemoT mogaxsenebT. 



 10

maCvenebelTa obieqturi Sedarebisa da gaangariSebis 

koreqtulobis uzrunvelsayofad mizanSewonilad miviCnieT 

SevarCioT erTi da igive farTobis da erTi da igive simaRleze 

agebuli (10 m.) monoliTuri rkinabetonis gumbaTovani 

gadaxurvebis teqnikur-ekonomikuri maCveneblebi. am SemTxvevaSi 

rkinabetonis moculoba da liTonis svetebis wona – 

Sesadarebeli obieqtebisaTvis TiTqmis erTi da igivea.  

rac Seexeba gumbaTovani gadaxurvebis agebis teqnologias, 

sadac tradiciuli variantisaTvis saWiroa didi moculobis 

damWeri xaraCoebis da gumbaTis formis qargilis mowyoba, 

agreTve yvela sxva samuSaoebis – saarmature, saSemduReblo, 

dabetonebis, saxuravis mowyobis, samRebro, WaRebis Sekidvis, 

xaraCoebis da qargilebis moxsnis Sromatevadi operaciebi 

warmoebs 17-20 metris simaRleze. 

SemoTavazebuli variantisaTvis mkveTrad Semcirebulia 

samuSaoTa CamonaTvali, radgan gumbaTis dabetoneba, saxuravis 

mowyoba da sxva samuSao sruldeba uSualod 0-ovan niSnulze da 

Semdeg xdeba misi saproeqto niSnulamde erTdrouli aweva, 

amitom mSeneblobis vadebi Tu tradiciuli variantisaTvis 

Seadgens 3,5-dan 4 wlamde, qarTuli variantisaTvis erTi wliT 

ganisazRvreba. 

meore TavSi ganxilulia sxvadasxva garsebis gaangariSebis 

variantebi, gamomdinare garsTa saerTo Teoriis gantolebebidan, 

kerZod, dafuZnebuli umemonto Teoriis hipoTezis gamoyenebiT. es 

ukanaskneli xSirad gamoiyeneba sakuTari wonebisagan simetriuli 

datvirTvis qveS myofi brunav gumbaTebTan mimarTebaSi. 

gaangariSebuli sistemebis Tavisebureba, gansxvavebiT sxva 

brunviTi garsisagan, romlis gaangariSeba sakmaod kargad aris 

Seswavlili da dawvrilebiT aris aRwerili saTanado 

saxelmZRvaneloebSi da moyvanilia cxrilebSi, mdgomareobs 

imaSi, rom zedapiris gausiseuli simrude zeda nawilidan 

qvedaze gadasvlisas icvleba naxtomiseburad, radgan yoveli 

nawili Seqmnilia sxvadaxva radiusis rkalebis erTi da igive 
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RerZis irgvliv brunviT. Cveulebriv, aqamde gamoyenebuli 

meTodebi aseTi sistemis gaangariSebisaTvis dafuZnebuli iyo 

imaze, rom calke ganixileboda TiToeuli nawili, romelsac 

hqonda  mdovred  cvalebadi simrude, SemdgomSi SeerTebiT, maTi  

deformaciis SeTavsebis pirobebis gaTvaliswinebiT. 

mocemul naSromSi gamoyenebulia axali meTodi, romlis 

mixedviTac mTeli gumbaTi ganixileba rogorc erTiani garsi 

wyvetilad cvalebadi simrudiT, rac sagrZnoblad amoklebs 

gamoTvlis algoriTms. 

praqtikulad amis miRweva SeiZleba Tu warmovadgenT 

simrudis radiuss, meridianuli mimarTulebiT wyvetadi  

(hevisaidis) funqciis meSveobiT: 

)()( 1)2(11)1(11   HRHRR .                  (1) 

zedapiris brunvisaTvis cnobili Tanafardobis 

gaTvaliswinebiT: 





sin

sin
1

2 R
d

dR
 . 

simrudis radiusi wriuli mimarTulebiT SeiZleba 

warmovidginoT rogorc: 

))(()()( 12)2(111)1(12   RHRR .           (2) 

aseTi midgoma amartivebs ara mxolod mocemuli gumbaTis 

saangariSo formulebs, aramed nebismieri Sedgenili brunviTi 

garsis gaangariSebasac da gvaZlevs saSualebas miviRoT 

gamosaTvlili formulebi ZalebisaTvis garegnuli formiT 

iseTive, rogoric gluvi araSedgenili garsisaTvis: 

           

,))(1(
)(1

;)(
))(1(

21
11

1

2

0

22

1

ZrrT
r

rr
T

dxZrXr
r

r
T

x
x

x

x

x
x










 
                     (3) 

sadac 

))()(()())()(()( 21
2

0
2
21

2
0

2
1 xxHxxHxxRxxHxHxxRr  . 
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analogiuri midgoma gamoyenebuli iyo gumbaTis 

gaangariSebisas arasimetriul qaris datvirTvaze. am SemTxvevaSi 

amocana daiyvaneba meore rigis diferenciul gantolebamde 

wyvetis koeficientebiT. mis gamosaTvlelad iyo gamoyenebuli 

variaciuli meTodi koWuri funqciebis aproqsimaciiT, romlebic 

Sejerebulia gumbaTis dayrdnobis sasazRvro pirobebTan, 

miRebulia gamosaTvleli formulebi. garda am gamartivebuli 

midgomisa, umemonto Teoriis gantolebis gamoyenebiT, 

disertaciaSi moyvanilia wyvetilad cvlilebadi simrudis mqone 

gumbaTis gaangariSebis meTodi momenturi Teoriis mixedviT, 

romelic iTvaliswinebs sayrden zonaSi kiduri efeqtis 

zemoqmedebas daZabul mdgomareobaze. 

am gaTvlebis mizania: 1. momenturi Zabvebis SefardebiTi 

sididis gansazRvra grexa-kumSvis ZabvebTan SedarebiT da am 

Zabvebis zemoqmedeba konstruqciebis saimedoobisa da 

xangamZleobis Sefasebaze. 

2. umomento gaangariSebis cdomilebis gansazRvra da misi 

gamoyenebis zRvari araTanabar ganawilebul ZabvebTan mimarTebaSi. 

ukanaskneli dakavSirebulia imasTan rom, rogorc zemoT, 

aRiniSneboda, gumbaTis zedapiris simrude ganicdis wyvetas  

dabali nawilidan maRalze gadasvlisas, amitom mocemuli 

sistema ar akmayofilebs umemonto mdgomareobis arsebobis 

pirobebs, rasac aqvs adgili fizikur-geometriuli parametrebis 

mdovred cvlilebis dros. 

miRebuli midgoma moiTxovda saimedo dasabuTebas, miRebuli 

Sedegebi ki dazustebas amocanis gadawyvetis ufro mkacrad 

dayenebis gziT. garsis momenturi Teoriis gamoyenebis SemTxvevaSi 

iyo arCeuli (safuZvlad daido) amoxsnadi gantolebebis 

varianti, gamartivebuli vlasovis meTodis kompleqsuri forma: 

                 DPin k  2 ,                     (4) 

sadac 

F
Eh

n
iW  ;  

h

R
n

)1( 
 ;  1i . 
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es amoxsnadi gantoleba gamoiyeneba gumbaTis rogorc 

maRali ise dabali nawilisaTvis. operatorebs aqvs saxe: 

         

   

   

2
2 1

2
1 2 1 2

2

2
1 2 1 2

sin sin1
;

sin

1 1 1
sin .

sin sink

R R

R R R R

R R R R

 
   


    

  
      

  
           

vinaidan gumbaTis zeda da qveda nawilebs aqvs sxvadasxva 

simrude, operatorebSi Semavali simrudis radiusebs, eqneba 

gansxvavebuli mniSvneloba. 

_ )1()1()2(1)1(1 ,,, kRR   simrudis radiusebi da operatorebi zeda 

nawilisaTvis; 

_ )2()2()2(2)1(2 ,,, kRR   simrudis radiusebi da operatorebi 

qveda nawilisaTvis. 

maSin erTdroulad zeda da qveda nawilebis daZabul-

deformirebuli mdgomareoba aRiwereba Semdegi saxis erTi 

gantolebiT 

                  ][ )()( 1)2(1)1( HH  

DPHHin kk   ][ )()( 1)2(1)1( ,              (6) 

gamoikveTeba erTi saintereso viTareba, rom miRebuli 

gantoleba uSvebs gamartivebul gardaqmnebs, romelic analogiuria 

sferuli garsebisaTvisac. 

es gardaqmnebi saSualebas iZleva aRmovaCinoT zogierTi 

analogia sferuli garsis daZabul-deformirebuli mdgomareobasa 

da meridianul-xokeruli moxazulobis gumbaTs Soris. 

amisaTvis  operatori warmovadginoT Semdegi saxiT: 

 1)0( k , 

sadac 

















2

2

2
1

)  (

sin

1

sin

1

Rcp ,                  (7) 

cp aris laplasis operatori; 1R _ radiusi sferuli 

garsisaTvis. 

(5) 
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2

2

2
2

2
1

)  (

sin  



RR

C
.                        

   
CR

CR
k





1

1
1

2
.                               (8) 

1K  _ meridianis simrudis centris Zvra (gadaweva) brunvis RerZis 

an garsis simetriis RerZis mimarT. 

advilad davrwmundebiT, rom gamosaxulebas   mivyavarT 

formula  6-is gamosaxulebamde. 

analogiurad, rigi gardaqmnebis Semdeg SeiZleba operatori 

warmovadginoT Semdegi saxiT: 

               ))(( 0  ck kk ,                       (9) 

sadac 

                        ))(( 0  Ck kk , 

1

1

R
k  ; 

11
0 )( RCR

C
k


 . 

maSin, Tu gumbaTi erTi mrudis brunviT aris Seqmnili, an, rac 

igivea, Tu gumbaTi Sedgenilia mxolod zeda nawilisgan, 

gantoleba Rebulobs saxes:  

      DPkkkinkk
R

in CCC
x

  )()2(
1

0011
2
1 . (10) 

pirveli ori Sesakrebi Seesabameba am gantolebis sferuli 

garsis deformacias, Sesakrebebi moTavsebuli kvadratul 

frCxilebSi, warmoadgenen im Sesworebas, romelic ganasxvavebs 

mocemul garss sferulisagan. 

asimetriuli deformaciis SemTxvevaSi miRebuli gantoleba 

arsebiTad martivdeba. am SemTxvevaSi yvela warmoebuli wriuli 

koordinataze nuls utoldeba da amoxsnadi gantoleba (10) 

Caiwereba rogorc: 

            DPk
R

in CC 







  0

1

1 1
.                 (11) 

es emTxveva sferuli garsis amoxsnad gantolebas, romelsac 

meridianis simrude tolia: 



 15

0
1

1
k

R
k  . 

warmodgenili amoxsnadi gantolebebis amosaxsnelad 

gamoyenebulia aproqsimireba zogierTi funqciebis mixedviT, 

romlebic akmayofileben sasazRvro pirobebs meridianul 

koordinatebTan mimarTebaSi. 

bubnov-galiorkinis meTodis proceduris gamoyenebis 

Sedegad gantoleba kerZo warmoebulebiT daiyvaneba erT 

gantolebamde wriuli koordinatis mimarT. 

  DP
d

d
aain

d

d
a

d

d
aa 










2
1

2

541
1

2

32

2

201 






 .          (12) 

Sesabamis maxasiaTebel gantolebas aqvs oTxi kompleqsuri 

fesvi, rac gansazRvravs amoxsnis saboloo saxes. Sedegad, 

daZabul-deformirebuli mdgomareobs yvela komponenti 

warmoisaxeba hiperboluri trigonometriuli funqciis meSveobiT 

integrirebis mudmivebiT. es ukanaskneli unda Seesabamebodes 

amoxsnis periodulobas. 

Tu davSliT gare datvirTvis funqcias da saZebni funqcas 

da gamoviyenebT bubnov-galiorkinis meTodis proceduras, 

miviReT Cveulebrivi diferencialur gantolebasTan rigis 

yoveli wevrisaTvis: 

DPb
d

d
bib

d

d
b

d

d
b kk

k
kkk

k
k

k
k 








 











52

2

132

2

24

4

1 .          (13)  

misi oTxive fuZec kompleqsuria, rac ganapirobebs 

daZabul-deformirebuli mdgomareobis yvela komponentebis 

damokidebulebas meridianul koordinatTan da integrirebis 

mudmivasTan hiperbolotrigonometriuli funqciis meSveobiT. 

naSromSi gaanalizebulia amoxsnebi sxvadasxva saxis 

sasazRvro pirobebiT. 

aRwerilia Zalis gansazRvris, momentebis da gadaadgilebebis 

dawvrilebiTi algoriTmi da motanilia amoxsnis magaliTebi. 

SemoTavazebulia gumbaTis dinamikuri gamoTvla. moZraobis 

gantolebebis misaRebad gamoyenebulia dalamberis principi, ris 
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safuZvelzec wonasworobis gantolebebSi gare daZabvis 

komponentebi Secvlilia inerciuli wevrebiT. 

vinaidan komponentebi, romlebic gansazRvraven daZabul-

deformirebul mdgomareobas, swrafcvalebadi funqciebia, 

gantolebebis sistema SeiZleba gamartivdes vlasovis meTodiT, 

ufro safuZvlianad, vidre statikuri gaTvlebis dros da 

Caiwereba Semdegi saxiT: 

W
D

h
f

D
W k




12 ; 02  FWEh k .       (14) 

aq simrudis radiusi da pirveli kvadratuli formis 

koeficientebi, Semavali operatorebSi, warmodgenilia rogorc 

ori Sesakrebi, TiToeuli maTgani gamravlebulia hevisaidis 

funqciaze, romelsac adgili aqvs calke zeda da qeda 

nawilebisTvis. 

amgvarad mTliani araregulirebuli sistemis rxevebi 

aRiwereba imave  raodenobis gantolebebiT, (am SemTxvevaSi _ ori 

gantolebiT), rac regulirebuli sistema misi ornawilad 

tradiciuli gayofis da Semdegi SeerTebis gareSe. 

sistemis (14) amosaxsnelad gamoyenebulia variaciuli 

meTodi CaRunvis funqciis W  da F Zalvis mrudxazovan kideze 

sasazRvro pirobebis Sesabamisad SerCeuli cnobili funqciebiT 

aproqsimirebiT. 

dabali sixSirisaTvis, romelic Seesabameba rigis pirveli 

wevris Sekavebas, viRebT martiv da praqtikuli gamoyenebisTvis 

xelsayrel algoriTms, romelic advilad realizdeba kompiuterze. 

mesame TavSi gadmocemulia gumbaTis agebis axali 

teqnologia. gumbaTi igeba mTlianad 0-van niSnulze (l. maxvilaZe, 

b. gusevi i. jinWaraZe da sxv. saqarTvelos patenti 1036, 2003). 

I etapze, asaSenebli gumbaTis irgvliv, eqskavatoris 

saSualebiT keTdeba wriuli tranSea, romlis CaRrmaveba 

gumbaTis awevis isris tolia. 

II etapze buldozeriT da greideriT grunts vWriT 

radialuri mimarTuelbiT da Cagvaqvs tranSeaSi, saindanac 
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eqskavators gadaaqvs gare yrilze, amgvarad saamSeneblo moedans 

eZleva gumbaTis miaxloebiTi forma. 

tranSeas Ziris niSnulze ewyoba svetebisaTvis wertilovani 

saZirkvlebi, vawyobT wriul liandags da vamontaJebT 

modernizebul amwes. 

mSeneblobis organizaciis uzrunvelyofisa da uSualod 

gumbaTis agebis gamartivebis mizniT, modernizacia ukeTdeba 

jojgina amwes. amwe moZraobs wriul liandagze, asagebi gumbaTis 

irgvliv. 

amweze Sekiduli dana amwis wriuli moZraobis saSualebiT 

iwyebs gruntis damuSavebas, sanam ar miviRebT gumbaTis 

miaxloebul formas. Semdeg amwis xidze vamagrebT gumbaTis 

moxazulobis naxevarwris Targs da amwis wriuli moZraobiT, 

xreSisa da wvrilfraqciuli asfaltis datana-datkepvniT 

vRebulobT gumbaTis formas. asfaltis datana-datkepvna 

meordeba gumbaTis zusti formis miRebamde (nax. 5). 

 

nax. 5 
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aRniSnuli RonisZiebebi ara marto gamoricxavs xaraCoebisa 

da qargilebis dayenebis Sromatevad da ZviradRirebul 

samuSaoebs, aramed Zalze amartivebs geodeziur samuSaoebsac. 

gumbaTis Sida zedapiri gadawyvetilia mTlianad gluvi. 

gambrjeni Zalebis asatanad, amisaTvis saTanadod vzrdiT da 

vaarmirebT wriul koWs. rac Seexeba radialur koWebs, Tavisi 

konsoluri nawiliT, maTi simaRle Sesabamisad amoiweva gumbaTis 

garsis zedapirze (nax. 6).  

III etapze vawyobT armaturas. aRsaniSnavia, rom modernizebuli 

amwe saSualebas gvaZlevs advilad CavawyoT armatura wriulad 

an wriuli koWis qargilebSi uwyvetad, rac mniSvnelovnad amcirebs 

SeduRebis samuSaoebs, liTonis xarjs da zrdis saimedoobas.  

 

nax. 6 

 

IV etapze mimdinareobs gumbaTis uwyveti dabetonebis 

procesi da vibrireba. 

V etapze, 28 dRis ganmavlobaSi (sanam betoni miiRebs 

saproeqto simtkices), vakeTebT saxuravs, zenitur fanrebs da 

mTlianad vamTavrebT gumbaTis gadaxurvis samuSaoebs. 
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VI  etapze demontaJs vukeTebT modernizebul amwes da 

wertilovan saZirkvlebze vamontaJebT wyvili Svelerisagan 

Sedgenil liTonis svetebs, ise, rom Svelerebs Soris eqceva 

radialuri koWebis konsolebi, xolo Svelerebis Taroebi, mcire 

RreCoTi, uSualod emjineba gumbaTis ganapira wriul koWs (nax. 6). 

svetebis wyvili Sveleri urTierTdakavSirebulia 

horizontaluri sartyelebiT WanWikebis saSualebiT. sartyelebs 

Soris manZili hidrocilindrebis bijis tolia (nax 7). 

VII. hidrocilindrebis bijis Sesabamisad, safexurebad 

vwevT gumbaTs saproeqto niSnulamde. aRsaniSnavia, rom saimedoobis 

uzrulvelyofis mizniT or-ori cangia CarTuli mimdevrobiT 

hidrocilindrebis damqaC da svetebze gaTvaliswinebul damWer 

saSualebebze. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
nax. 7 

 
gumbaTis saproeqto niSnulze awevis Semdeg svetebze 

vaduRebT konsoluri koWebis qveS ganlagebul liTonis 

sartyelebs, xolo wriuli koWis qveS damWer liTonis vutebs. 

hidroamwevi mowyobilobiT vwevT wriul sarTulTSoriso 

gadaxurvebsac. 

kvanZi - I

12
5

1

11
62 

4

3

6

1. gumbaTi 
2. konsoluri koWi 
3. sveti 
4. gvarli 
5. gorgolaWi 
6. svetis horizontaluri 
   sartyeli 
11. vuti 
12. gumbaTis wriuli koWi 



 20

koWis awyoba da gadaxurvis mowyoba SesaZlebelia, rogorc 

awevis pirvel etapze, ise Sualedur da bolo etapebze. 

SemoTavazebuli didmaliani gadaxurvis konstruqciis 

agebis teqnologia iTvaliswinebs nulovan niSnulze yvela 

samSeneblo samuSaoebis dasrulebas. 

aRniSnuli modelis teqnikuri Sedegia didmaliani 

gadaxurvis konstruqciebis agebis gamartiveba, radgan yvela sxva 

SemTxvevaSi saWiroa moewyos xaraCoebi, rac arTulebs da 

aZvirebs mSeneblobis teqnologiur operaciebs da procesebs. 

hidrocilindrebis saSualebiT vawarmoebT gumbaTis awevas 

erTdroulad. domkratebi damqaCi saSualebebi da Svelerebze 

ganTavsebuli damWeri sayrdenebi uzrunvelyofs awevis procesis 

garantirebul saimedobas. 

domkratebi aRWurvilia diferencirebul reJimSi momuSave 

hidrosarqvelebiT da mierTebulia wriuli milsadeniT samarTav 

pultTan, amitom isini muSaoben ziari WurWlebis principiT 

kontrolirebad reJimSi da uzrunvelyofen gumbaTis Tanabar, 

erTdroul da toli safexurebiT awevis teqnologias. 

gumbaTis tradiciuli meTodiT agebis teqnikur-ekonomikuri 

maCveneblebi moyvanilia cxrilSi 1. 

cxrili 1 
tradiciuli teqnologiiT, xis qargilebiT motaJis 

dasaxeleba raodeboba 
fasi, 
aTasi 
lari 

montaJis 
Rirebuleba, 
aTasi lari 

sul, aTasi 
lari 

gumbaTi     
gumbaTi, konsoliT 525,0 m3 50,0 15,7 67,7 

armatura A-III klasi 95,0 t 85,8 8,2 94,0 

xis qargilebi 2450,0 m3 392,6 156,0 548,6 
     sul           709,3 

saZirkvlebi     

betoni B20 klasi 240,0 m3 20,4 7,2 27,6 

armatura A-III klasi  35,0 31,6 2,3 33,9 

sul            61,5 
svetebi     
profilirebuli liToni 64,8 t 69,66 41,8 111,46 

sul           882,2 
                                  damatebiTi Rirebulebis gadasaxadi 20%          176,4  

12% sxva gadasaxadebi           88,4 
sul          1147,0 

samSeneblo operaciebisa da procesebis saerTo xangrZlivoba: 42-48 Tve 
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gumbaTis tradiciuli meTodiT agebaze ixarjeba 1147 aTasi 

lari da mSeneblobis xangrZlivoba 42-48 Tves warmoadgens. 

naSromSi didmaliani gumbaTovani gadaxurvebis montaJis 

teqnikur-ekonomikuri maCveneblebi SemoTavazebuli meTodiT 

mocemulia cxril 2-Si. 

teqnikuri maCveneblebi: saerTo farTobi _ 6912 m2, aqedan 

gumbaTisqveSa farTobi _ 5652 m2, konsolisqveSa farTobi _ 1260 m2, 

or iarusiani  wriuli antresolis farTobi _  5040 m2. gumbaTis 

diametri  60 m, gumbaTis sayrdeni svetebis simaRle nulovani 

niSnulidan 10m, konsolis gadmoSvera 7 m, gumbaTis da konsolis 

radialuri wiboebis betonis moculoba  525 m3, armaturis xarji  

95 t, svetebis liTonis konstruqciebis wona 64,8 t saZirkvlebis 

betonis moculoba  240 m3, armaturis xarji  35 t. 

monoliTuri rkinabetonis gumbaTis agebis maCveneblebi 

mocemulia (cxrili 1 da 2): 

cxrili 2 
tradiciuli teqnologiiT, xis qargilebiT motaJis 

dasaxeleba raodeboba 
fasi, 
aTasi 
lari 

montaJis 
Rirebuleba, 
aTasi lari 

sul, aTasi 
lari 

gumbaTi     
gumbaTi, konsoliT 525,0 m3 50,0 15,7 67,7 

armatura A-III klasi 95,0 t 85,8 6,7 92,5 

miwis da RorRis momzadeba 6400,0m3 50,0  50,0 
jojgina amwis modernizacia 
mosaSandakeblad 

  
48,0 48,0 

asfaltis fenis dageba 220,0 m3 22,0 13,0 35 
gumbaTis aweva   63,0 63,0 

     sul           356,2 
saZirkvlebi     

betoni B20 klasi 240,0 m3 20,4 7,2 27,6 

armatura A-III klasi  35,0 31,6 2,3 33,9 

sul            61,5 
svetebi     
profilirebuli liToni 64,8 t 69,66 41,8 111,46 

sul           529,16 
                                  damatebiTi Rirebulebis gadasaxadi 20%          105,8  

12% sxva gadasaxadebi           63,5 
sul          698,5 

samSeneblo operaciebisa da procesebis saerTo xangrZlivoba: 9-12 Tve 

 

SemoTavazebuli axali teqnologiiT didmaliani 

rkinabetonis gumbaTis agebis ganxorcielebisas ekonomiuri 

efeqti absolutur maCvenebelSi Seadgens 448,5 aTas lars.  
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naSromSi SemoTavazebulia didmaliani rkinabetonis 

gumbaTovani gadaxurvis konstruqciebis gaangariSeba, saangariSo 

vertikalur mudmiv da droebiT datvirTvebze, awevis procesSi 

samontaJo datvirTvebze, rvabalian seismur zemoqmedebaze da 70,0 

kpa sididis qaris dawolaze. 

garsis realuri deformaciuli suraTisa da misi zidvis 

unaris dadgenis mizniT damatebiT iqna Catarebuli gaangariSeba 

garsis tanSi ganviTarebuli drekad-plastikuri deformaciebis 

gamovlinebisaTvis da mis gasaTvaliswineblad. 

sadisertacio naSromSi mocemulia gumbaTis sayrdeni 

rgolis gaangariSebis ricxviTi magaliTi kompiuteruli 

uzrunvelyofiT. mocemulia Zalvebis sidideebi da Sesabamisi 

konstruqciebi (nax. 8).  

 

 
 
 

 

 

nax. 8. gumbaTis winaswardaZabuli sayrdeni rgoli 

 

disertaciaSi Sesrulebulia gumbaTis sayrdeni rgolis 

gaangariSeba kompiuterze. ganxilulia gumbaTovani gadaxurva 

(garsi sayrdeni rgoliT nax. 8), gluvi sferuli garsiT sisqiT 

sm 6h , gumbaTis mTavari parametrebiT m 300 r , m 50R , 0
0 40  

da sayrdeni rgoli ganivi kveTis zomebiT sm  sm, rr 6070  hb , 

sm 302  he . garsisa da sayrdeni rgolis drekadobis modulebi 

erTnairia. gumbaTze moqmedebs datvirTvebi sakuTari wonisa 
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2mgk 165.0g  da Tovlisagan 2mgk 14.0P . damxmare sidideebi 

;7.0)18040( 00
0    ;644.0sin 0   765.0cos 0   (nax. 9). sayrdeni 

rgolis gaangariSeba Catarebulia or variantad: 1. winaswardaZabul 

Rerovani armaturiT da 2. mzidi winaswardaZabuli bagiriT.     

vinaidan manqanuri gaangariSeba ufro zustia, radgan 

ukeTesad aRiwereba Cvens mier warmodgenili sferuli garsi da 

misi saangariSo modeli. garkveuli analizis safuZvelze 

Semdgom angariSs vawarmovebT manqanuri gaangariSebiT miRebul 

Zalovan faqtorebze.  

saangariSo gamWimavi Zalva sayrden rgolSi manqanuri 

gaangariSebiT miviReT: 

530.2N rgol. t
 

sayrdeni rgolis daarmatureba xorcieldeba IIIbA  

winaswardaZabuli Rerovani armaturiT saangariSo winaRobiT 150 

kg/mm2. betonis simtkicis klasi B40. sayrdeni rgolis armaturis 

kveTis aucilebeli farTobi: 

2 2

1 2

530200
6312 63.12

0.8 0.7 150

N
A

m m R
   

   bag

mm  sm  

sadac 1m =0.8 bagiris muSaobis pirobebis koeficientia. 

2m =0.7  bagirSi mavTulis muSaobis pirobebis koeficienti. 

viRebT TK 7X37=259 mavTulian bagirs 12Ø36 mm da farTobiT 

A= 70.8 2sm  (nax. 9).  

teqnikur-ekonomikuri maCveneblebis gansazRvrisaTvis 

SevadareT orive variantis Sedegebi. 

I varianti: Rerovani armaturiT 14 Ø36 AIIIb  da konstruqciuli 

Rerovani armaturiT 15Ø22AIII; 1 grZ/m Rirebuleba Seadgens 12.6 l; 

14x12.6+15x2.8=218.4 l. 

II varianti: mzidi bagirebiTa da konstruqciuli Rerovani 

armaturiT; bagiris TK 7X37=259 12Ø36 sabazro Rirebuleba Seadgens 

10 lars, xolo 13 Ø22 AIII  _ 2.8 lari. e.i. 12x10+13x2.8=156.4 lari. 
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nax. 9 monoliTuri rkinabetonis sayrdeni rgolis armireba 
 (I varianti) Rerovani armaturiT 

 

     nax. 10. monoliTuri rkinabetonis sayrdeni rgolis armirebis  
            (II varianti) sqema, mzidi bagirebiTa da konstruqciuli 

Rerovani armaturebiT 

 

 
maSasadame monoliTuri rkinabetonis sayrdeni rgolis 

armireba yovel grZiv metrze 62.0 lariT ufro ekonomiuria Tu 

Sesruldeba bagirebiT da konstruqciuli Rerovani armaturebiT. 
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rkinabetonis garsis saangariSo sqema 

 

Catarebul gamokvlevaTa Sedegebi saSualebas gvaZlevs 

gavakeToT Semdegi daskvnebi: 

1. arsebuli kvlevebis gaanalizebam saSualeba mogvca davaskvnaT, 

rom didmaliani konstruqciebiT nagebobebis gadaxurvebis 

agebis SemoTavazebuli teqnologia da gumbaTis drekad-

plastikuri mdgomareobis gaangariSebis problema aqtualuria; 

2. naSromSi dadgenilia gumbaTis konstruqciis daZabul-

deformirebuli mdgomareobis Taviseburebani. damuSavebulia 

gumbaTis gaangariSebis meTodi, gumbaTis gaangariSebis 

algoriTmi kompiuterze gasaangariSeblad; 

3. sadisertacio naSromSi gansakuTrebuli adgili uWiravs 

gumbaTis agebis novaciur teqnologias, romelsac analogi ar 

aqvs arc Cvens qveyanaSi da arc sazRvargareT. igi efuZneba 

patents, romlis Tanaavtori gaxlavT disertanti (patenti 

#41036, 2003). gumbaTis montaJis axali teqnologia aris 

sakmaod iafi, saimedo da emyareba axali teqnologiebis mTel 

kaskads. misi gamoyenebiT miRweulia ekonomikuri efeqti 

absolutur maCveneblebSi, romelic Seadgens 448,5 aTas lars. 

(ix. disertaciaSi Tavi 3, cxrili 2, 3); 
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4. rkinabetonis gumbaTis gaangariSeba Catarebulia saangariSo 

mudmiv, droebiT, samontaJo datvirTvaze, 8 balian seismur da 

regionis Sesabamisad qaris datvirTvaze; gaangariSeba 

Catarebulia kompiuteris saSualebiT; Catarebulia Sesabamisi 

konstruireba or variantad: 

1. sayrdeni rgolis konstruireba Rerovani armaturiT, romlis 1 

gr/m Rirebuleba Seadgens 218,4 lars. 

2. sayrdeni rgolis konstruireba mzidi winaswardaZabuli 

bagiriT TK, romlis 1 gr/Z Rirebuleba Seadgens 156,4 lars. 

aqedan gamomdinare monoliTuri rkinabetonis sayrdeni 

rgolis armireba yovel erT metrze 62 lariT ufro 

ekonomiuria. Tu gaviTvaliswinebT, rom 60 m-is diametris 

gumbaTis sayrdeni rgolis sigrZe samive sarTulisaTvis 

Seadgens 6103l  m-s, xolo Rirebuleba Seadgens 378380 aTas 

lars. jamuri ekonomiuri efeqti ki 826,886 aTas lars. 
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Abstract 

The construction of large-span buildings, airports, hangars, different-purpose 
halls, pavilions, industrial and civil objects has begun where it was stipulated with 
technical progress, new demands of technological process. The discovery of 
reinforced concrete and other new composite materials, development of building 
science, particularly the perfection of calculation of the theory of shells brought us to 
the creation of modern thin-walled spatial structures, made possible to floor large-span 
constructions without middle support and considerably less consumption of material. 

In domestic practice, unlike foreign practice, the main attention is paid to the 
constructing of prefabricated reinforced concrete shells. Such are Palace of Sport in 
Tbilisi, building in Tskaltubo, pavilion in Erevan. 

The particular attention is to be paid to using of expensive composite materials 
or original, progressive technologies which result in the economy of materials and, 
especially in the economy of labor and electric power resources. 

The process of intensive concentration of population accompanying the 
formation of big cities is permanently creating a number of problems the solution of 
which also is the matter of constant effort. 

The problem is particularly complicated in the places of gatherings of citizens 
where their number is sharply increased in already densely populated districts causing 
complication of transport motion, violation of ecology, antisanitary, etc. 

Many years’ world experience proves that big multi-profile commercial 
objects are taken out of the town, near the crossing of main traffic arteries and are 
built complexly with consideration of the whole spectrum of infrastructure. 

Large-span domelike reinforced concrete shells represent very responsible 
engineering construction used for building of markets, sport halls, exhibitions and 
other structures which besides functional purpose belong to the class of interesting 
architectural and remarkable buildings. Therefore, it is long since many countries of 
the world using their own engineering level and intellectual potential, try to built 
large-span cupolas better and quicklier with as less material, labor and power 
resources consumption as possible. 

At present several technologies of construction of large-span roofs are known, 
the most widely-spread being monolithic, precast or hybrid cupola buildings built of 
reinforced concrete constructions which have almost equal technical economical 
characteristics and are considered as very expensive objects. 

Large-span girder roof shells can be considered as space constructions where 
each pair of opposite girders works in common, as arches. 

In this connection the technology of construction of large-span roofs, problem 
of calculation of construction structure is quite complicated, urgent and requires the 
development of particular methods of calculation. The solution of this problem is the 
very object of the presented work. 

The objective of the dissertation theme is to create a new technology of large-
span roofs which ensures the reliability of assembling and provides time, cost and 
power resources decrease, as well as, to research stress-strain state of rod shell roofs, 
to optimize and calculate dimensions of elements and units for practical use, to present 
the method of calculation of rod spherical dome and the algorithm of rod cupola 
calculation program, to carry out experimental researches of dome construction. 

The scientific innovation consists in the development of progressive 
technology which is to give economy in labor work, material and power resources; 
also, in evaluation of development of theoretical method for large-span roofs which 
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provides optimum dimensions of construction with consideration of rigid units. A new 
method is presented according to which dome is considered as a unified shell with 
discontinuously varying curve which significantly shortens calculation algorithm.   

The calculation error of momentless spatial constructions and its application 
limit in respect to irregularly distributed forces is obtained. 

The method of calculation of axial spherical domes is obtained. The 
technology of construction of large-span roof structures is proposed. 

The value of the work lies in theoretical and experimental researches which 
represent the basis of practical recommendations for shell construction load-bearing 
elements. 

The authenticity of results is proved with satisfactory coincidence of 
theoretical and experimental results received by various authors. 

A new method is presented according to which the whole dome is considered 
as a one-piece shell with discontinuously varying curvature which significantly 
shortens calculation algorithm; relative value of moment forces compared to twisting-
compression forces and the effect of these forces on construction durability and 
longevity evaluation are determined; the error of momentless calculations and the 
limit of its use in respect to irregularly distributed forces is received. 

The peculiarities of stress-strain state of axial domelike constructions are 
studied; the method of calculation of axial spherical domes and computer-aided 
program algorithm calculations of axial domes are presented; experimental researches 
of dome construction are described. 

A new technology of dome construction is presented; the technology of large-
span roof structure constructions is proposed. Technical result of the mentioned model 
is the simplification of large-span roof structure constructions; the technology of dome 
raising is received; technical and economic characteristics of large-span dome roof 
assembling are presented. 
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